(19) 



J 



Europaisches Patentamt 
European Patent Offic 
Offic ur p' ndes brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
23.01.2002 Bulletin 2002/04 

(21) Application number: 97305067.7 

(22) Date of filing: 10.07.1997 



(H) EP 0 820 782 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI 7: A61M 25/01 



(54) Micro-braided catheter guidewire 

Mikro-geflochtener Katheterfuhrungsdraht 
Fil de guidage de catheter micro-tresse 



(84) Designated Contracting States: 
DEDKFRGBIE NL 

(30) Priority: 26.07.1996 US 686887 

(43) Date of publication of application: 
28.01.1998 Bulletin 1998/05 

(73) Proprietor: TARGET THERAPEUTICS, INC. 
Fremont, CA 94538 (US) 

(72) Inventors: 
• Samson, Gene 
Milprtas, California 95035 (US) 



m 

CM 
00 

O 
CM 
CO 

o 

Q. 
LU 



• Nguyen, Kim 
San Jose, California 95131 (US) 

(74) Representative: Price, Nigel John King et al 
J.A. KEMP & CO. 14 South Square Gray's Inn 
London WC1R5JJ (GB) 



(56) References cited: 
EP-A- 0 443 227 
EP-A- 0 714 673 
EP-A- 0 744 186 



EP-A- 0 661 073 
EP-A- 0 720 838 
EP-A- 0 806 219 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouvo, 75001 PAHIS (FR) 



1 



EP 0 820 782 B1 



2 



D scription 

FIELD OF THE INVENTION 

[0001] This invention is a surgical device. It is a com- 
posite guidewire for use in a catheter and is used for 
accessing a targeted site in a lumen system of a pa- 
tient's body. The guidewire core may be of a stainless 
steel or a high elasticity metal alloy, preferably a Ni-Ti 
alloy. The composite guidewire assembly is especially 
useful for accessing peripheral or soft tissue targets. 
The invention relates to multi-section guidewire assem- 
blies having super-elastic alloy ribbon braided reinforce- 
ments along at least a portion of the core. The inventive 
guidewire includes a braid on the exterior of the core 
wire with an exterior polymeric coating to the most distal 
portion of the assembly and assembled using adhesives 
such as epoxies. 

BACKGROUND OF THE INVENTION 

[0002] Catheters are used increasingly as a means 
for delivering diagnostic and therapeutic agents to inter- 
nal sites within the human body that can be accessed 
through the various lumen systems of the body, partic- 
ularly through the vasculature. A catheter guidewire is 
used for guiding the catheter through the bends, loops, 
and branches forming the blood vessels within the body. 
One method of using a guidewire to direct the catheter 
through the tortuous paths of these systems of lumen 
involves the use of a torqueable guidewire which is di- 
rected as a unit from a body access point such as the 
femoral artery to the tissue region containing the target 
site. The guidewire is often slightly bent at its distal end, 
and may be guided by alternatively rotating and advanc- 
ing the guidewire along the small vessel pathway to the 
desired target. Typically the guidewire and the catheter 
are advanced by alternatively moving the guidewire 
along a distance in the vessel pathway, holding the 
guidewire in place, and then advancing the catheter 
along the axis of the guidewire until it nears the distal 
portion of the guidewire. 

[0003] The difficulty in accessing remote body re- 
gions, the body's periphery, or the soft tissues within the 
body such as the brain and the liver are apparent. The 
catheter and its attendant guidewire must be both flex- 
ible, allow the combination to follow the complicated 
path through the tissue, and yet stiff enough to allow the 
distal end of the catheter to be manipulated by the phy- 
sician from the external access site. It is common that 
the catheter is as long as one meter or more. 
[0004] The catheter guidewires used in guiding a 
catheterthrough the human vasculature have a number 
of variable flexibility constructions. For instance, US-A- 
3,789,841; 4,545,390; and 4,619,274 show guidewires 
in which the distal end section of the wire is tapered 
along its length to allow great flexibility in that remote 
region of the guidewire. Distal tapering facilitates 



guidewire function, since the distal region is steered 
through turns with very small radii of curvature. The ta- 
pered section of the wire is often enclosed in a wire coil, 
typically of platinum, to increase the column strength of 
5 the tapered section without significant loss of flexibility 
in that region and also to increase the radial capacity of 
the guidewire to allow fine manipulation of the guidewire 
through the vasculature. 

[0005] Another effective guidewire design is found in 
10 US-A-5,095,915 which shows a guidewire having at 
least two sections. The distal portion is encased in an 
elongated polymer sleeve having axially spaced 
grooves to allow increased bending flexibility of the 
sleeve. 

15 [0006] In addition to providing structural support for 
tapered core wire tips, polymer sleeves have been used 
to decrease contact friction between lumen walls and 
guidewires. US-A-5,443,907 teaches a two layer poly- 
mer coating for a guidewire core wire which includes an 
inner layer of hydrophobic polymer bonded to an outer 
layer of hydrophilic polymer material. Such hydrophilic 
polymer coatings provide slippery surfaces which facil- 
itate insertion and reduce vessel trauma. 
[0007] Others have suggested the use of guidewires 
made of various super-elastic alloys in an attempt to 
achieve some of the noted functional desires. 
[0008] US-A-4,925,445 suggests the use of a two- 
portion guidewire having a body portion relatively high 
in rigidity and a distal end portion which is comparatively 
flexible. At least one portion of the body and the distal 
end portions is formed of super-elastic metallic materi- 
als. Although a number of materials are suggested, in- 
cluding Ni-Ti alloys of 49 to 58% (atm) nickel, the patent 
expresses a strong preference for Ni-Ti alloys in which 
the transformation between austenite and martensite is 
complete at a temperature of 1 0°C or below. The reason 
given is that "for the guidewire to be useable in the hu- 
man body, it must be in the range of 10° to 20°C due to 
anesthesia at a low body temperature." The tempera- 
ture of the human body is typically about 37°C. 
[0009] Another document disclosing a guidewire us- 
ing a metal alloy having the same composition as a Ni- 
Ti super-elastic alloy is WO-A-91/15152. That disclo- 
sure suggests a guidewire made of the precursor to the 
Ni-Ti elastic alloy. Super-elastic alloys of this type are 
typically made by drawing an ingot of the precursor alloy 
while simultaneously heating it. In the unstressed state 
at room temperature, such super-elastic materials occur 
in the austenitic crystalline phase and, upon application 
of stress, exhibit stress-induced austenite-martensite 
(SIM) crystalline transformations which produce nonlin- 
ear elastic behavior. The guidewires described in that 
published application, on the other hand, are said not to 
undergo heating during the drawing process. The wires 
are cold-drawn and great pain is taken to assure that 
the alloy is maintained well below 300°F during each of 
the stages of its manufacture. This temperature control 
is maintained during the step of grinding the guidewire 
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to form various of its tapered sections. 
[0010] US-A-4,665,906 suggests the use of stress-in- 
duced martensite (SIM) alloys as constituents in a vari- 
ety of different medical devices. Such devices are said 
to include catheters and cannulas. 
[0011] US-A-4,969,890 suggests the production of a 
catheter having a main body fitted with a shape memory 
alloy member, and having a liquid injection means to 
supply a warming liquid to allow the shape memory alloy 
member to recover its original shape upon being 
warmed by the fluid. 

[0012] US-A-4,984,581 suggests a guidewire having 
a core of a shape memory alloy, the guidewire using the 
two-way memory properties of the alloy to provide both 
tip-deflecting and rotational movement to the guidewire 
in response to a controlled thermal stimulus. The con- 
trolled thermal stimulus in this instance is provided 
through application of an RF alternating current. The al- 
loy selected is one that has a transition temperature be- 
tween 36°C and 45°C. The temperature 36°C is chosen 
because of the temperature of the human body; 45°C is 
chosen because operating at higher temperatures could 
be destructive to body tissue, particularly some body 
proteins. 

[0013] US-A-4,991 ,602 suggests a flexible guidewire 
made up of a shape memory alloy such as the nickel- 
titanium alloy known as nitinol. The guidewire is one 
having a single diameter throughout its midcourse, is ta- 
pered toward each end, and has a bead or ball at each 
of those ends. The bead or ball is selected to allow ease 
of movement through the catheter into the vasculature. 
The guidewire is symmetrical so that a physician cannot 
make a wrong choice in determining which end of the 
guidewire to insert into the catheter. The patent sug- 
gests that wound wire coils at the guidewire tip are un- 
desirable. The patent further suggests the use of a pol- 
ymeric coating (PTFE) and an anticoagulant. The patent 
does not suggest that any particular type of shape mem- 
ory alloy or particular chemical or physical variations of 
these alloys are in any manner advantageous. 
[0014] Examples of Ni-Ti alloys are disclosed in US- 
A-3,1 74,851 ; 3,351 ,463; and 3,753,700. 
[0015] Another catheter guidewire using Ni-Ti alloys 
is described in US-A-5,069,226, which describes acath- 
eter guidewire using a Ni-Ti alloy which additionally con- 
tains some iron, but is typically heat-treated at a tem- 
perature of about 400° to 500° C so as to provide an 
end section which exhibits pseudo-elasticity at a tem- 
perature of about 37° C and plasticity at a temperature 
below about 80°C. A variation is that only the end portion 
is plastic at the temperatures below 80°C. 
[0016] US-A-5,1 71 ,383 shows a guidewire produced 
from a super-elastic alloy which is then subjected to a 
heat treatment such that the flexibility is sequentially in- 
creased from its proximal portion to its distal end por- 
tions. A thermoplastic coating or coil spring may be 
placed on the distal portion of the wire material. Gener- 
ally speaking, the proximal end portion of the guidewire 



maintains a comparatively high rigidity and the most dis- 
tal end portion is very flexible. The proximal end section 
is said in the claims to have a yield stress of approxi- 
mately five to seven kg/mm 2 and an intermediate portion 

5 of the guidewire is shown in the claims to have a yield 
stress of approximately 11 to 12 kg/mm 2 . 
[0017] EP-A-0,51 5,201 also discloses a guidewire 
produced at least in part of a super-elastic alloy. The 
publication describes a guidewire in which the most dis- 

10 tal portion can be bent or curved into a desired shape 
by a physician immediately prior to use in a surgical pro- 
cedure. Proximal of the guide tip, the guidewire is of a 
super-elastic alloy. 

[0018] EP-A-0,51 9,604 similarly discloses a 
15 guidewire which may be produced from a super-elastic 
material such as nitinol. The guidewire core is coated 
with a plastic jacket, a portion of which may be hy- 
drophilic and a portion of which is not. 
[0019] US-A-5,213,111 discloses a guidewire made 
using a composite guidewire core. The guidewire core 
consists of a tapered stainless steel wire surrounded by 
a layer of shape memory alloy such as a nickel titanium 
alloy. This composite guidewire core combines the prop- 
erties of the ingredient materials. 
[0020] EP-A-0359549 discloses a flexible cable con- 
structed of a woven wire braid drawn snugly over the 
entire length of a metallic coil and then secured at the 
coil ends by welding or an adhesive. The patent sug- 
gests using this braided coil construction for wire guides 
in surgical devices. 

[0021] WO-A-92/14508 discloses a guidewire which 
combines a tapered core wire with one or more coiled 
wires wrapped around the tapered distal portion of the 
core wire. In one of the embodiments, the coiled wires 
are braided around the core wire to add torsional stabil- 
ity to the guidewire. 

[0022] EP-A-0,71 4,673 discloses a guidewire for 
guiding a catheter within a body lumen. The guidewire 
includes a central core. A coil is provided at the distal 
tip of the core. The midsection of the core is provided 
around its exterior either with a flat wound ribbon or a 
coil to stiffen the midsection. A polymeric coating is pro- 
vided over the exterior of the ribbon or coil. 
[0023] EP-A-0,443,227 discloses an analytical mi- 
crosyringe. The microsyringe has a syringe body and a 
plunger. The plunger may be made of a braided cord 
composed of a plurality of superelastic wires. 

SUMMARY OF THE INVENTION 

[0024] According to the present invention there is pro- 
vided a guidewire suitable for guiding a catheter within 
a body lumen, comprising: 

a) an elongated flexible wire core having a proximal 
section, a middle section and a distal end section, 

b) a coil covering at least a portion of said distal end 
section and bonded to said end section distally with 
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an adhesive, 

c) a tubular super-elastic alloy braid covering at 
least a portion of said middle section and fastened 
to said wire core by incomplete interfacial bonding 
with an adhesive, and 

d) a polymeric layer covering extending at least over 
said middle section and said distal end section. 

[0025] Embodiments of guidewire in accordance with 
the present invention will now be described, by way of 
example only, with reference to the drawings described 
below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Figure 1 shows a schematic side view (not to 
scale) of the major components of the inventive 
guidewire. 

[0027] Figure 2 is a partial cutaway side view of the 
inventive guidewire showing the braided covering over 
a portion of the middle section of the core wire and the 
polymeric external layer. 

[0028] Figure 3 shows a typical stress-strain diagram 
for a Ni-Ti alloy displaying objective criteria for selection 
of alloys for the inventive guidewire. 
[0029] Figures 4 and 5 are partial cutaway side views 
showing various guidewire configurations made accord- 
ing to the invention. 

[0030] Figures 6A and 6B together form a partial cut- 
away side view of a preferred embodiment of the inven- 
tion. 

DESCRIPTION OF THE INVENTION 

[0031] Figure 1 shows an enlarged side view of a 
guidewire made according to the invention. The 
guidewire (1 00) is made up of the wire core formed of a 
flexible torqueable wire filament material and has a total 
length typically between about 50 and 300 centimeters. 
The proximal section of the core wire (102) preferably 
has a uniform diameter (along its length) of about 0.254 
to 0.635 mm (0.010 to 0.025 inches), preferably 0.254 
to 0.457 mm (0.01 0 to 0.01 8 inches). The relatively more 
flexible distal end section (1 04) extends for 3 to 30 cen- 
timeters or more of the distal end of the guidewire (1 00). 
A middle section (1 06) may have a diameter intermedi- 
ate between the diameter of the two portions of the wire 
adjoining the middle section. The middle section (106) 
may be continuously tapered, may have a number of 
tapered sections or sections of differing diameters, or 
may be of a uniform diameter along its length . If the mid- 
dle section (106) is of a generally uniform diameter, the 
core wire will neck down as is seen at (1 08). The distal 
end section ( 1 04) of the core wire typically has an atrau- 
matic distal tip (1 1 0), a fine wire coil (1 1 2), and at least 
one adhesive joint (11 4). The fine wire coil (112) may be 
radio-opaque and made from materials including but not 
limited to platinum and its alloys. The atraumatic distal 



tip (1 1 0) may be radio-opaque to allow knowledge of the 
position of the coil (112) during the process of inserting 
the catheter and traversal of the guidewire through the 
vasculature. 

5 [0032] At least some portion of the middle section 
(1 06) of the core wire has included thereon a braid. This 
braid is not seen in Figure 1 but will be discussed in more 
detail below. The braid is constructed of a number of 
super-elastic ribbons. 

io [0033] All or part of the guidewire (1 00) is coated with 
one or more thin polymeric coating layers (116). The pol- 
ymeric layers may be used as-is or as a layer for other 
polymers to enhance the lubricity of the assembly with- 
out adversely affecting the flexibility or shapeability of 

15 the guidewire. This invention includes portions or sec- 
tions of the guidewire described above having the noted 
polymeric layer described below and an optional slip- 
pery, e.g., a hydrophilic, polymeric coating thereon. The 
innermost polymeric layer may be referred to as the "tie 

20 layer" while the outermost polymeric layer may be called 
an "outer layer coating." The mechanical properties of 
the guidewire may be varied through application of dif- 
ferent tie layer coatings along differing sections of the 
guidewire, while varied outer layer coatings may be 

25 placed along sections of the guidewire to control friction- 
al properties. 

[0034] Figure 2 shows a partial cutaway of the middle 
section of the inventive guidewire (106) showing the 
core wire (1 30), a supporting ribbon braid (1 32), and the 

30 polymeric covering (134). Not shown in Figure 2 be- 
cause it is only a very thin layer, is the optionally applied 
polymeric (often hydrophilic polymeric) outer layer coat- 
ing exterior to the polymeric covering (134). As is noted 
elsewhere, single or multiple polymeric layers may be 

35 placed on any portion of the final guidewire assembly. 

Guidewire Core 

[0035] The inventive guidewire assembly is typically 
40 used in a catheter which is made up of an elongate tu- 
bular member having proximal and distal ends. The 
catheter is about 50 to 300 centimeters in length, typi- 
cally between about 1 00 and 200 centimeters in length. 
Often, the catheter tubular member has a relatively stiff 
45 proximal section which extends along a major portion of 
the catheter length and one or more relatively flexible 
distal sections which provide greater ability of the cath- 
eter to track the guidewire through sharp bends and 
turns encountered as the catheter is advanced through 
50 the torturous paths found in the vasculature. The con- 
struction of a suitable catheter assembly having differ- 
ential flexibility along its length is described in US-A- 
4,739,768. 

[0036] The materials used in the guidewires of this in- 
55 vention are alloys which exhibit super-elastic/pseudo- 
elastic shape recovery characteristics. These alloys are 
known. See, for instance, US-A-3, 174,851 and 
3,351,463 as well as 3,753,700. US-A-3,753,700 de- 
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scribes a material because of the higher modulus of the 
material due to an increased iron content. These metals 
are characterized by their ability to be transformed from 
an austenitic crystal structure to a stress-induced mar- 
tensitic (SIM) structure at certain temperatures, and re- 
turn elasticaliy to the austenitic structure when the 
stress is removed. These alternating crystalline struc- 
tures provide the alloy with its super-elastic properties. 
One such well-known alloy, nitinol, is a nickel-titanium 
alloy. It is readily commercially available and undergoes 
the austenite-SIM-austenite transformation at a variety 
of temperature ranges between -20°C and 30°C. 
[0037] These alloys are especially suitable because 
of their capacity to elasticaliy recover almost completely 
to the initial configuration once the stress is removed. 
Typically there is little plastic deformation, even at rela- 
tively high strains. This allows the guidewire to under- 
take substantial bends as it passes through the body's 
vasculature, and yet return to its original shape once the 
bend has been traversed without retaining any hint of a 
kink or a bend. Nevertheless, compared to similar stain- 
less steel guidewires, less force need be exerted 
against the interior walls of the vessels to deform the 
guidewire of the invention along the desired path 
through the blood vessel thereby decreasing trauma to 
the interior of the blood vessel and reducing friction 
against the coaxial catheter. 

[0038] To achieve these results of high strength and 
enhanced control even while allowing feedback to the 
attending physician during use, we have found that the 
following physical parameters of the alloy are suitable. 
In a stress-strain test as shown on a stress-strain dia- 
gram such as that found in Figure 3 the stress found at 
the midpoint of the upper plateau (UP) (measured, e.g. 
at about 3% strain when the test end point is about 6% 
strain) should be in the range of 517 M Pa (75 ksi (thou- 
sand pounds per square inch)) ± 68.9 MPa (1 0 ksi) and, 
preferably, in the range of 517 MPa ± 34.5 MPa. (75 ksi 
± 5 ksi). Additionally, this material should exhibit a lower 
plateau (LP) of 1 72 ±51 .7 MPa (25 ± 7.5 ksi), preferably 
138 ± 1 7.2 MPa (20 ± 2.5 ksi), measured at the midpoint 
of the lower plateau. The material preferably has no 
more than about 0.25% residual strain (RS) (when 
stressed to 6% strain and allowed to return) and more 
preferably less than about 0.15% RS. 
[0039] The preferred material is nominally 50.6% ± 
0.2% Ni and the remainder Ti. The alloy should contain 
no more than about 500 parts per million of any of O, C, 
or N. These alloys often contain up to about 7% of one 
or more members of the iron group of metals, e.g., Fe, 
Cr, Co, etc. Typically such commercially available ma- 
terials will be sequentially mixed, cast, formed, and sep- 
arately cold-worked to 30-40%, annealed, and 
stretched. 

[0040] By way of further explanation, Figure 3 shows 
a stylized stress-strain diagram showing the various pa- 
rameters noted above and their measurement on that 
diagram. As stress is initially applied to a sample of the 



material, the strain is at first proportional (a) until the 
phase change from austenite to martensite begins at 
(b). At the upper plateau (UP), the energy introduced 
with the applied stress is stored during the formation of 
5 the quasi-stable martensite phase or stress-induced- 
martensite (SIM). Upon substantial completion of the 
phase change, the stress-strain relationship again ap- 
proaches a proportional relationship at (c). The stress 
is no longer applied when the strain reaches 6%. The 
10 measured value (UP) is found at the midpoint between 
zero and 6% strain, i.e., at 3% strain. If another terminal 
condition of strain is chosen, e.g., 7%, the measured val- 
ued of (UP) and (LP) would be found at 3.5%. 
[0041] Materials having high UP values produce 
15 guidewires which are quite strong and allow exceptional 
torque transmission but cause a compromise in the re- 
sulting "straightness" of the guidewire. We have found 
that guidewires having high UP values in conjunction 
with high LP values are not straight. These guidewires 
are difficult to use because of their tendency to "whip" 
as they are turned. Again, that is to say, as a guidewire 
is turned it stores energy during as a twist and releases 
it quickly. The difficulty of using such a whipping 
guidewire should be apparent. Materials having UP val- 
ues as noted above are suitable as guidewires. 
[0042] Furthermore, materials having values of LP 
which are high, again, are not straight. Lowering the val- 
ue of LP compromises the ability of the guidewire to 
transmit torque but improves the ease with which a 
straight guidewire may be produced. Lowering the LP 
value too far, however, results in a guidewire which, al- 
though round, has poor tactile response. It feels some- 
what "vague" and "soupy" during its use. The LP values 
provided for above allow excellent torque transmission, 
straightness, and the valuable tactile response. 
[0043] The values of residual strain discussed above 
define materials which do not kink or otherwise retain a 
"set" or configuration after stress during use as a 
guidewire. 

[0044] In addition to the core wires made of super- 
elastic alloys, this invention also covers guidewire cores 
comprising various stainless steels. Suitable stainless 
steels include those typically used in medical devices, 
e.g., 304SS,306SS,312SS,and316SS. Most preferred 
are 304SS and 31 6SS. In comparison to the guidewire 
cores made of super-elastic alloys, comparable stain- 
less steel cores are more able to transmit torque and 
are typically stiffen The trade-off is that stainless steels 
are much more likely to lack the elasticity of the super- 
elastic alloys. 

[0045] The core may be an assembly of components, 
or a composite, such as is shown in Figures 4 and 5. 
These figures depict only a few of the various arrange- 
ments contemplated under this invention. Figure 4 
shows a guidewire assembly (140) having a two-part 
composite core made up of a super-elastic alloy proxi- 
mal portion (142) and a stainless steel distal section 
(1 44). The super-elastic braid (1 46) provides controlled 
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mechanical support to the super-elastic core wire por- 
tion (142). A radio-opaque distal coil (148) and a poly- 
meric covering (150) are also seen in the drawing. This 
combination of metallic components and the composite 
core wire has the following benefits: the small stainless 
steel distal section (144) is readily shapeable by a phy- 
sician using the device; the radio-opaque coil (148) in- 
hibits the guidewire section containing the small stain- 
less steel distal section (144) from kinking and provides 
positional feedback; the super-elastic braided section 
(146) does not kink during the manipulation necessary 
to introduce the guidewire to the target site. 
[0046] Another desirable variation of a composite 
core wire (152) is seen in Figure 5. In this variation, the 
proximal section of the core wire (154) is stainless steel 
to provide proximal stiffness. A tubing member is depict- 
ed but a solid core member may be used with some pro- 
vision for a joint to the adjoining super-elastic alloy sec- 
tion (156). An exterior braiding (158) is also shown over 
the depicted portion of the composite core wire (152). 
That braiding is made from a super-elastic alloy for kink 
resistance (particularly within the joint region (160)) and 
may be radio-opaque to allow observance of the 
guidewire during passage within the body. A polymeric 
covering (159) is also seen in the drawing. 
[0047] This invention involves, in large part, the meld- 
ing of the optimum qualities of the various physical pa- 
rameters of the respective alloys to result in a guidewire 
assembly with greater overall effectiveness. 
[0048] Figures 6A and 6B together depict a preferred 
embodiment of the invention. It is a guidewire including 
a composite core having sections of various alloys. Sur- 
rounding the composite core wire is a coil (1 88) over the 
distal end section (172), a super-elastic braid over the 
middle section (1 74), and a two-layer polymeric coating 
(1 84) covering both the distal end section (1 72) and the 
middle section (174). 

[0049] Specifically, the depicted composite core wire 
is comprised of a stainless steel distal end section (1 72), 
a super-elastic alloy middle section (174), and a stain- 
less steel proximal section (1 76). The stainless steel dis- 
tal end section (172) allows the tip to be easily shaped 
by the user. The super-elastic middle section (174) of 
the guidewire core passes through a significant length 
of the most tortuous vasculature during a procedure and 
hence is the most significant candidate for a super-elas- 
tic alloy. The proximal section (1 76) is used primarily for 
pushing and for transmitting twisting ("torquing") mo- 
tions between the proximal end and the distal end. Con- 
sequently, the choice for materials in the more-proximal 
end (1 76) is often stainless steel. If a more flexible path 
is to be accessed in the vasculature, the choice of ma- 
terials for the more-proximal end (1 76) may be a super- 
elastic alloy. 

[0050] Also depicted in the preferred embodiment of 
Figures 6A and 6B is a ribbon braid member (178) 
placed concentrically about the core wire in the middle 
section (174) and a portion of the middle section (176). 



The braid (178) need not cover the complete length of 
the core because only a portion requires the enhanced 
mechanical properties provided by the braid structure. 
[0051] The core assembly depicted in Figures 6A and 
5 6B is typical of guidewires used to access targets in the 
vasculature of the brain. It however is only "typical" and 
forms no critical portion of the invention. The core wire 
assembly has two tapering regions (180, 182) to help 
with the transition between various regions of the core. 
10 The core wire may taper for significant regions or over 
short distances. Such decisions are within the purview 
of the guidewire designer. Similarly, selection of a poly- 
meric coating (1 84) is a matter of choice for the designer. 
The atraumatic distal tip (186) and radio-opaque coil 
'5 (188) are relative common features on contemporary 
guidewires. 

Braids 

[0052] The braids used in this invention are exterior 
to the surface of the guidewire core and are used to pro- 
vide specific physical strengths of various types, e.g., 
torsional rigidity, stiffness, kink resistance, composite 
elasticity, etc. The braid is placed directly upon the wire 
core and is bonded directly to the core wire body in at 
least two contact locations, and preferably distributively 
at multiple locations, with an adhesive. 
[0053] Incomplete or distributive interracial bonding 
between the core wire's cylindrical outer surface and the 
surrounding braid's tubelike inner surface produces a 
guidewire with greater flexibility than that which results 
from complete bonding at every potential interfacial con- 
tact point along the surfaces. As an illustration of the 
notion of incomplete interfacial bonding, one can use the 
analogy of an ordinary pencil device comprised of a 
shaft of lead surrounded by a hollow cylinder of wood. 
A pencil with complete interfacial bonding could be as- 
sembled by coating the entire lead in adhesive and plac- 
ing it inside of the wooden cylinder; a pencil with incom- 
plete interfacial bonding might be assembled after coat- 
ing only the two ends of the lead with adhesive and leav- 
ing any other lead shaft surface area free of adhesive. 
Ordinary principles of engineering mechanics teach that 
the bending and torsional deflections of a shaft are in- 
versely proportional to the effective radius of the cross 
section under a load. A guidewire with its core complete- 
ly bonded to a surrounding braid will function more like 
a unified larger diameter shaft than will a incompletely 
bonded guidewire core and braid because of constraints 
on interfacial deflection imposed by the complete bond- 
ing. Thus a discontinuously bonded guidewire core and 
braid will resist bending or torsion deflection to a lesser 
degree and will consequently have greater overall flex- 
ibility under twisting or bending loads than will the same 
components assembled with complete interfacial bond- 
ing. 

[0054] Although the braid (1 32) most desired is shown 
in Figure 2 and has a single size of ribbon, the braid 
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need not be so limited; multiple sizes of ribbon may be 
used as desired. The major limitations are simply the 
size, e.g., diameter, of the overall braid as finally con- 
structed and the desired added stiffness to be added to 
the guidewire. 

[0055] The braids typically useful in this invention 
comprise an even number of ribbons: one half of the rib- 
bons wound one way, i.e., clockwise, and the remainder 
are wound the other way. A typical braid will be of eight 
to 1 6 ribbons. The braid may have a single pitch, an an- 
gle of a constituent ribbon measured against the axis of 
the braid, or it may have a pitch which varies along the 
axis of the braid. 

[0056] Preferred super-elastic alloys include the class 
of titanium/nickel materials known as nitinol - alloys dis- 
covered by the U.S. Navy Ordnance Laboratory. These 
materials are discussed at length in US-A-3, 174,851, 
US-A-3,351,463, and US-A-3 ,753, 700. Commercial al- 
loys containing up to about 8% of one or more other 
members of the iron group, e.g., Fe, Cr, Co, are consid- 
ered to be encompassed within the class of super-elas- 
tic Ni/Ti alloys suitable for this service. 
[0057] Metallic ribbons that are suitable for use in this 
invention are desirably between 6.35 u.m (0.25 mil) and 
89 u.m (3.5 mil) in thickness and 63.5 u.m (2.5 mil) and 
0.3 urn (12.0 mil) in width. By the term "ribbon", we in- 
tend to include elongated shapes, the cross-section of 
which are not square or round and may typically be rec- 
tangular, oval or semi-oval. They should have an aspect 
ratio of at least 0.5 (thickness/width). In any event, for 
super-elastic alloys, particularly nitinol, the thickness 
and width may be somewhat finer, e.g., down to 6.35 
u.m (0.25 mil) and 25.4 \i<m (1 .0 mil), respectively. Cur- 
rently available ribbons include sizes of 25.4 x 76.2 u.m 
(1 mil x 3 mil), 25.4 x 101 u.m (1 mil x 4 mil), 50 x 152 
u.m (2 mil x 6 mil) and 50 x 203 urn (2 mil x 8 mil). 
[0058] The ribbons (206) making up the braid (132) 
shown in Figure 2 may also contain a minor amount of 
non-super-elastic materials. Although metallic ribbons 
are preferred as the ancillary materials because of their 
strength-to-weight ratios, fibrous materials (both syn- 
thetic and natural) may also be used. Preferred, be- 
cause of cost, strength, and ready availability are stain- 
less steels (SS304, SS306, SS316, etc.) and tungsten 
alloys. In certain applications, particularly smaller diam- 
eter catheter sections, more malleable metals and al- 
loys, e.g., gold, platinum, palladium, rhodium, etc. may 
be used. A platinum alloy with a few percent of tungsten 
is preferred partially because of its radio-opacity. 
[0059] Suitable non-metallic ribbons include high per- 
formance materials such as those made of polyaramids 
(e.g., KEVLAR-Trade Mark) and carbon fibers. 
[0060] The braids utilized in this invention may be 
made using commercially available tubular braiding ma- 
chines. Whenever the term "braid" is used herein, we 
mean tubular constructions in which the ribbons making 
up the construction are woven in an in-and-out fashion 
as they cross to form a tubular member defining a single 



lumen. The braids may be made up of a suitable number 
of ribbons, typically six or more. Ease of production on 
a commercial braider typically results in braids having 
eight or sixteen ribbons. 

5 [0061] The braid shown in Figure 2 has a nominal 
pitch angle of 45°. Clearly the invention is not so limited. 
Other braid angles from 20 p to 60° are also suitable. An 
important variation of this invention is the ability to vary 
the pitch angle of the braid either at the time the braid 

10 is woven or at the time the braid is included in the 
guidewire section or sections. 

[0062] The braid (132) may be rough to the touch if 
not covered or further processed. Procedures such as 
rolling, sanding, or grinding may be used to smooth the 
15 surface of the braid if so desired. Removal of any pro- 
duced particulates is, of course, necessary. 
[0063] After such processing, the tubular braid (132) 
must be geometrically sized to surround a portion of the 
inventive core wire (130) within desired tolerances. 
When using a super-elastic alloy, the shaping step may 
also be desirable to preserve the integrity of the braided 
geometry. For instance, with a Cr-containing Ni/Ti su- 
per-elastic alloy which has been rolled into a 25.4 x 1 01 
urn ( 1 x 4 mil) ribbon and formed into a 1 6-member braid, 
some heat treatment is desirable to maintain the braided 
structure's geometry and physical properties. Methods 
for sizing the tubular braid (132) to fit the core wire and 
preserve the braided geometry are an important aspect 
of the invention. We have found two effective methods 
for producing an interference fit between the tubular 
braid (132) and core wire (130) which employ heat and 
applied stress. 

[0064] The first interference fitting method involves 
placing a core wire within a tubular braid to form an as- 
sembly, applying a tensile force to the braid along the 
longitudinal axis of the core wire to conform the braid to 
the core wire's geometry, heating the assembly to a tem- 
perature above 343°C (650 degrees Fahrenheit) to pos- 
sibly (but not necessarily) anneal the constituent ribbon, 
cooling the assembly to room temperature, and releas- 
ing the conforming tensile forces to produce an assem- 
bly with an interference fit. 

[0065] The second interference fitting method in- 
volves placing a mandrel with the same geometry of a 
core wire into a tubular braid to form an assembly, ap- 
plying a tensile force to the braid along the longitudinal 
axis of the core wire to conform the braid to the man- 
drel's geometry, heating the assembly to a temperature 
above 343°C (650 degrees Fahrenheit) to possibly (but 
not necessarily) anneal the constituent ribbon, cooling 
the assembly to room temperature, releasing the con- 
forming tensile forces, removing the sized braid from the 
mandrel, applying a compressive force to the braid 
along its longitudinal axis, placing the core wire within 
the compressed tubular braid to form an assembly, and 
releasing the compressive force to produce the desired 
interference fit. This method of interference fitting has 
the advantage of not subjecting the core wire to potential 



25 



30 



35 



40 



45 



50 



7 



13 



EP 0 820 782 B1 



14 



heating and cooling transformations during the sizing 
process. 

[0066] Whether the outer surface of the braid (132) is 
smoothed or not, an outer layer of a polymer is provided 
on the exterior of the braiding. Figure 2 depicts the use 
of that exterior tubing layer as a tie layer (1 34). This con- 
cept is discussed elsewhere herein. A thin layer of a hy- 
drophilic polymeric is placed on the exterior of the tie 
layer (134). The hydrophilic polymeric layer is not de- 
picted on the drawing because the layer is typically too 
thin to see. The tie layer (134) and its associated hy- 
drophilic polymeric layer may be (but need not be) of the 
same composition throughout the resulting guidewire 
assembly. 

Adhesive 

[0067] An important concept in this invention is the 
use of an adhesive in the construction of the guidewire 
assembly both to adhere the tubular braid (132) to the 
core wire (130) and to form an atraumatic tip (110) on 
the most distal portion of the inventive guidewire assem- 
bly. The use of such epoxy adhesives provides two key 
advantages over other metal fastening methods such 
as soldering or welding. 

[0068] First, epoxy adhesives do not require localized 
heating of the components to be fastened. The fastening 
regions on components to be welded or soldered often 
must reach very high temperatures to facilitate the flow 
of the welding or soldering material. These high temper- 
atures can produce localized changes in material prop- 
erties and strain patterns within the components which 
result in less desirable overall physical properties for the 
inventive device. Construction of the guidewire inven- 
tive guidewire assembly using an epoxy adhesive in- 
volves mixing the epoxy resin and hardener and apply- 
ing it to the small contact surface between the two com- 
ponents to be fastened. This fastening may be conduct- 
ed at room temperature, or at higher temperatures 
which may be desirable for shaping components such 
as the tubular braid. 

[0069] Secondly, epoxy adhesives do not leave be- 
hind flux residues like those found on soldered or weld- 
ed joints; there may be biocompatibility problems with 
such residues. 

[0070] Of all the epoxy adhesives that are available, 
those which are biocompatible and adherent to the var- 
ious metals of the guidewire assembly components are 
preferred. We have found that epoxy adhesives com- 
prising bis-A epichlorohydrin resins and polyamine- 
polyamide hardeners, such as Tra-Bond FDA-2 
(Tra-Con, Inc., Medford, Massachusetts) effectively 
meet the compatibility and structural demands of the in- 
ventive guidewire. 

Guidewire Core Coatings 

[0071] All or part of the guidewire core and braid may 



be covered or coated with one or more layers of a pol- 
ymeric material. The coating is applied typically to en- 
hance the mechanical properties of the guidewire as- 
sembly or the lubricity of the guidewire assembly during 
s its traversal of the catheter lumen or the vascular walls. 
As noted above, both mechanical and frictional proper- 
ties can be controlled by varying the inner and outer lay- 
er coating materials which may be applied to the metallic 
guidewire assembly. 

10 

Outer Layer Coating Materials 

[0072] As noted above, at least a portion of the 
guidewire core and braid may simply be coated by dip- 
's ping or spraying or by similar process with such materi- 
als as polysulfones, polyfluorocarbons (such as TE- 
FLON-Trade Mark), polyolefins such as polyethylene, 
polypropylene, polyesters (including polyamides such 
as the NYLON's (Trade Mark) and polyethylenetereph- 
thalate), and polyurethanes; their blends and copoly- 
mers such as polyether block amides (e.g., PEBAX- 
Trade Mark). 

[0073] The guidewire core and braid may also be at 
least partially covered with other hydrophilic polymers 
including those made from monomers such as ethylene 
oxide and its higher homologs; 2-vinyl pyridine; N-vi- 
nylpyrrolidone; polyethylene glycol acrylates such as 
mono-alkoxy polyethylene glycol mono(meth) acr- 
ylates, including mono-methoxy triethylene glycol mono 
(meth) acrylate, mono-methoxy tetraethylene glycol 
mono (meth) acrylate, polyethylene glycol mono (meth) 
acrylate; other hydrophilic acrylates such as 2-hydrox- 
yethylmethacrylate, glycerylmeth acrylate; acrylic acid 
and its salts; acrylamide and acrylonitrile; acrylamid- 
omethylpropane sulfonic acid and its salts cellulose, cel- 
lulose derivatives such as methyl cellulose ethyl cellu- 
lose, carboxymethyl cellulose, cyanoethyl cellulose, cel- 
lulose acetate, polysaccharides such as amy lose, pec- 
tin, amylopectin, alginic acid, and cross-linked heparin; 
maleic anhydride; aldehydes. These monomers may be 
formed into homopolymers or block or random copoly- 
mers. The use of oligomers of these monomers in coat- 
ing the guidewire for further polymerization is also an 
alternative. Preferred precursors include ethylene ox- 
ide; 2-vinyl pyridine; N-vinylpyrroiidone and acrylic acid 
and its salts; acrylamide and acrylonitrile polymerized 
(with or without substantial crosslinking) into homopol- 
ymers, or into random or block copolymers. 
[0074] Additionally, hydrophobic monomers may be 
included in the coating polymeric material in an amount 
up to about 30% by weight of the resulting copolymer 
so long as the hydrophilic nature of the resulting copol- 
ymer is not substantially compromised. Suitable mono- 
mers include ethylene, propylene, styrene, styrene de- 
rivatives, alkyl meth acrylates, vinylchloride, vinyli- 
denechloride, methacrylonitrile, and vinyl acetate. Pre- 
ferred are ethylene, propylene, styrene, and styrene de- 
rivatives. 
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[0075] The polymeric coating may be cross-linked us- 
ing various techniques, e.g., by light such as ultraviolet 
light, heat, or ionizing radiation, or by peroxides or azo 
compounds such as acetyl peroxide, cumyl peroxide, 
propionyl peroxide, benzoyl peroxide, or the like. A poly- 
functional monomer such as divinylbenzene, ethylene 
glycol dimethacrylate, trimethylolpropane, pentaerythri- 
tol di- (or tri- or tetra-) methacrylate, diethylene glycol, 
or polyethylene glycol dimethacrylate, and similar mul- 
tifunctional monomers capable of linking the monomers 
and polymers discussed above. 
[0076] Polymers or oligomers applied using the pro- 
cedure described below are activated or functionalized 
with photoactive or radiation-active groups to permit re- 
action of the polymers or oligomers with the underlying 
polymeric surface. Suitable activation groups include 
benzophenone, thioxanthone, and the like; acetophe- 
none and its derivatives specified as: 

Ph 

oo 

R 1 — C — R 3 



where 

R1 isH, R 2 isOH, R 3 is Ph; or 
R 1 is H, R 2 is an alkoxy group including -OCH 3 , 
-OC 2 H 3 , R 3 isPh;or 
R 1 = R 2 = an alkoxy group, R 3 is Ph; or 
Ri = R2 = an alkoxy group, R 3 is H; or 
R1 = R2 = CI, R 3 is H or CI. 

Other known activators are suitable. 
[0077] The polymeric coating may then be linked with 
the substrate using known and appropriate techniques 
selected on the basis of the chosen activators, e.g., by 
ultraviolet light, heat, or ionizing radiation. Crosslinking 
with the listed polymers or oligomers may be accom- 
plished by use of peroxides or azo compounds such as 
acetyl peroxide, cumyl peroxide, propionyl peroxide, 
benzoyl peroxide, orthe like. A polyfunctional monomer 
such as divinylbenzene, ethylene glycol dimethacrylate, 
trimethylolpropane, pentaerythrrtol di- (or tri- or tetra-) 
methacrylate, diethylene glycol, or polyethylene glycol 
dimethacrylate, and similar multifunctional monomers 
capable of linking the polymers and oligomers dis- 
cussed above is also appropriate for this invention. 
[0078] The outer layer polymeric coating may be ap- 
plied to the guidewire by any of a variety of methods, e. 
g., by spraying a solution or suspension of the polymers 
or of oligomers of the monomers onto the guidewire core 



or by dipping it into the solution or suspension. Initiators 
may be included in the solution or applied in a separate 
step. The guidewire may be sequentially or simultane- 
ously dried to remove solvent after application of the pol- 

5 ymer or oligomer to the guidewire and crosslinked. 
[0079] The solution or suspension should be very di- 
lute since only a very thin layer of polymer is to be ap- 
plied. We have found that an amount of oligomer or pol- 
ymer in a solvent of between 0.25% and 5.0% (wt), pre- 

10 ferred is 0.5 to 2.0% (wt), is excellent for thin and com- 
plete coverage of the resulting polymer. Preferred sol- 
vents for this procedure when using the preferred poly- 
mers and procedure are water, low molecular weight al- 
cohols, and ethers, especially methanol, propanol, iso- 

15 propanol, ethanol, and their mixtures. Other water 
miscible solvents, e.g., tetrahydrofuran, methylene 
dichloride, methylethylketone, dimethylacetate, ethyl 
acetate, etc., are suitable for the listed polymers and 
must be chosen according to the characteristics of the 

20 polymer; they should be polar because of the hydrophilic 
nature of the polymers and oligomers but, because of 
the reactivity of the terminal groups of those materials, 
known quenching effects caused by oxygen, hydroxyl 
groups and the like must be recognized by the user of 

25 this process when choosing polymers and solvent sys- 
tems. 

[0080] Particularly preferred as a coating for the 
guidewire cores discussed herein are physical mixtures 
of homo-oligomers of at least one of polyethylene oxide; 

30 poly 2-vinyl pyridine; polyvinylpyrrolidone, polyacrylic 
acid, polyacrylamide, and polyacrylonitrile. The catheter 
bodies or substrates are preferably sprayed or dipped, 
dried, and irradiated to produce a polymerized and 
crosslinked polymeric skin of the noted oligomers. 

35 [0081 ] The lubricious hydrophilic coating is preferably 
produced using generally simultaneous solvent removal 
and crosslinking operations. The coating is applied at a 
rate allowing "sheeting" of the solution, e.g., formation 
of a visibly smooth layer without "runs". In a dipping op- 

40 eration for use with most polymeric substrates including 
those noted below, the optimum coating rates are found 
at a linear removal rate between 6.35 and 50.8 mm/s 
(0.25 and 2.0 inches/sec), preferably 1 2.7 and 25.4 mm/ 
s (0.5 and 1 .0 inches/sec). 

45 [0082] The solvent evaporation operations may be 
conducted using a heating chamber suitable for main- 
taining the surface at a temperature between 25°C and 
the glass transition temperature (T g ) of the underlying 
substrate. Preferred temperatures are 50°C to 125°C. 

so Most preferred for the noted and preferred solvent sys- 
tems is the range of 75° to 110°C. 
[0083] Ultraviolet light sources may be used to 
crosslink the polymer precursors onto the substrate. 
Movement through an irradiation chamber having an ul- 

55 traviolet light source at 90-375nm (preferably 
300-350nm) having an irradiation density of 50-300 
mW/cm 2 (preferably 150-250 mW/cm 2 ) for a period of 
three to seven seconds is desired. Passage of a 
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guidewire core through the chamber at a rate of 6.35 to 
50.8 mm/s (0.25 to 2.0 inches/second) preferably 12.7 
to 25.4 mm/s (0.5 to 1.0 inches/second) in a chamber 
having 7.62-22.9 cm (three to nine inches) length is suit- 
able. When using ionizing radiation, a radiation density 
of 1 to 100 kRads/cm 2 (preferably 20 to 50 kRads/cm 2 ) 
may be applied to the solution or suspension on the pol- 
ymeric substrate. 

[0084] Exceptional durability of the resulting coating 
is produced by repetition of the dipping/solvent removal/ 
irradiation steps up to five times. Preferred are two to 
four repetitions. 

[0085] We have found that frictional properties may 
be successfully controlled over the surface of a compos- 
ite guidewire with different outer coating layers, depend- 
ing upon the substrate to which they are applied. One 
preferred outer coating layer embodiment comprises 
hydrophilic outer coating layers over substrates of poly- 
urethane, and TEFLON (Trade Mark) outer coating lay- 
ers over all other substrates. 

Tie Layers 

[0086] We have found that it is often desirable to uti- 
lize the polymeric layer adjacent the core or braid as a 
"tie" layer for enhancement of the of an outer lubricious 
polymeric surface to the guidewire assembly. Of course, 
these materials must be able to tolerate the various oth- 
er solvents, cleaners, sterilization procedures, etc. to 
which the guidewire and its components are placed dur- 
ing other production steps. 

[0087] Figure 2 shows a typical guide wire core sec- 
tion (1 00) made according to the invention having a me- 
tallic core (130), a braid (132), a polymeric tie layer 
(134), upon which a lubricious coating is placed. 
[0088] Choice of materials for such tie layers is deter- 
mined through their functionality. Specifically, the mate- 
rials are chosen for their affinity or tenacity to the outer 
polymeric lubricious or hydrophilic coating. Clearly, the 
tie layer material must be flexible and strong. The tie 
layers may be placed onto the guidewire center in a va- 
riety of ways. The polymeric material may be extrudable 
and made into shrinkable tubing for mounting onto the 
guidewire through heating. It may be placed onto the 
guidewire core by dipping, spraying, shrink wrapping of 
polymeric tubing or other procedure. One quite desira- 
ble procedure involves the placement of a polymeric 
tubing of a fusible polymer, e.g., polyurethane, on the 
guidewire core which, in turn, is covered with a heat 
shrink tubing such as polyethylene. The outer tubing is 
shrunk down and the inner tubing is fused onto the 
guidewire core to form a tie layer. The tie layer is pref- 
erably 1 0 to 76 urn (0.0004" to 0.003") in thickness. The 
melt temperature of the tie layer polymer desirably is ap- 
propriately chosen to fuse at the heat shrink tempera- 
ture of the outer tubing. The outer shrink tubing is then 
simply peeled off, leaving the tie layer exposed for treat- 
ment with the lubricious coating. 



[0089] We have found that various NYLON'S (Trade 
Mark), polyethylene, polystyrene, polyurethane, and 
polyethylene terephthalate (PET) make excellent tie lay- 
ers. Preferred are polyurethane (Shore 80A-55D) and 

5 PET. Most preferred is polyurethane. It is additionally 
desirable to use a number of sections of polyurethane 
having differing hardnesses. For instance, the distal 
section may have a tie layer of Shore 80A polyurethane; 
the proximal shaft might be Shore D55 polyurethane. 

10 [0090] One preferred tie layer embodiment comprises 
higher durometer (40D to 75D) polyurethane layered 
over braided sections and lower durometer (60A to 90A) 
elastomeric grade polyurethane covering the more dis- 
tal sections all the way to the distal tip. This tie layer 

is embodiment, in combination with a tapered core wire 
below, provides a desired graduation of increasing flex- 
ibility along the length of the guidewire. 
[0091 ] These polymeric tie layer materials may be for- 
mulated or blended to include radio opaque materials 

20 such as barium sulfate, bismuth trioxide, bismuth car- 
bonate, tungsten, tantalum or the like. 
[0092] As noted above, another manner of applying a 
tie layer is by heat-shrinking the tubing onto the braid. 
The guidewire core and the exterior braid is simply in- 

25 serted into a tubing of suitable size - often with a small 
amount of a "caulking" at either end to seal the tubing. 
The tubing is cut to length and heated until it is sufficient- 
ly small in size. The resulting tubing tie layer desirably 
is between about 12.7 and 381 mm (0.0005 and 0.015 

30 inches) in thickness. The thinner layers are typically pro- 
duced from polyurethane or PET. The layer of lubricious 
polymer is then placed on the outer surface of the shrunk 
tubing. 

[0093] Another procedure for preparing or pretreating 

35 guidewires prior to receiving a subsequent coating of a 
polymer, preferably a polymer which is lubricious, bio- 
compatible, and hydrophilic, is via the use of a plasma 
stream to deposit a hydrocarbon or fluorocarbon resi- 
due. The procedure is described as follows: the 

40 guidewire core and braid is placed in a plasma chamber 
and cleaned with an oxygen plasma etch. It is then ex- 
posed to a hydrocarbon plasma to deposit a plasma- 
polymerized tie layer on the guidewire core to complete 
the pretreatment. The hydrocarbon plasma may com- 

45 prise a lower molecular weight (or gaseous) alkanes 
such as methane, ethane, propane, isobutane, butane 
or the like; lower molecular weight alkenes such as 
ethene, propene, isobutene, butene or the like or; gas- 
eous fluorocarbons such as tetrafluoromethane, trichlo- 

50 rofluoromethane, dichlorodifluoromethane, trifluoro- 
chloromethane, tetrafluoroethylene, trichlorofluoroeth- 
ylene, dichlorodifluoroethylene, trifluorochloroethylene 
and other such materials. Mixtures of these materials 
are also acceptable. The tie layer apparently provides 

55 c-C bonds for subsequent covalent bonding to the outer 
hydrophilic polymer coating. Preferred flow rates for the 
hydrocarbon into the plasma chamber are in the range 
of 500 c.c/min. to 2000 c.c./min. and the residence time 
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of the guidewire in the chamber is in the range of 1-20 
minutes, depending on the chosen hydrocarbon and the 
plasma chamber operating parameters. Power settings 
for the plasma chamber are preferably in the range of 
200W to 1500W. 

[0094] A tie layer of plasma-produced hydrocarbon 
residue having a thickness on the order of 10u. thick is 
disposed between braid and coating. This process typ- 
ically produces layers of hydrocarbon residue less than 
about 1000u. in thickness, and more typically less than 
about 100u,. The tie layer effectively bonds the outer lay- 
er to the guidewire core while adding very little additional 
bulk to the guidewire. Guidewires made according to 
this invention therefore avoid the size and maneuvera- 
bility problems of prior art guidewires. 
[0095] The pretreated guidewire may be coated with 
a polymer using a procedure such as described above. 
For example, the pretreated guidewire may be dipped 
in a solution of a photoactive hydrophilic polymer sys- 
tem, i.e., a latently photoreactive binder group covalent- 
ly bonded to a hydrophilic polymer. After drying, the 
coated guidewire is cured by exposing it to UV light. The 
UV light activates the latently reactive group in the pho- 
toactive polymer system to form covalent bonds with 
crosslinked C-C bonds in the hydrocarbon residue tie 
layer. The dipping and curing steps are preferably re- 
peated often enough, typically twice, to achieve the ap- 
propriate thickness of the hydrophilic coating layer. 
[0096] One highly preferred variation of the invention 
involves a guidewire with metal core, preferably 0.25 to 
0.635 mm (0.01 0" to 0.025") diameter stainless steel or 
high elasticity alloy (such as nitinol) and a braid of stain- 
less steel or a high elasticity alloy. 
[0097] The guidewire may be cleaned by using an ar- 
gon plasma etch in place of the oxygen plasma etch. 
The thickness of the plasma-polymerized tie layer may 
also vary without departing from the scope of this inven- 
tion. 

[0098] Aithough preferred embodiments of the 
present invention have been described, it should be un- 
derstood that various changes, adaptations, and modi- 
fications may be made therein without departing from 
the scope of the claims which follow. 



Claims 

1. A guidewire (100, 106, 140) suitable for guiding a 
catheter within a body lumen, comprising: 

a) an elongated flexible wire core (130) having 
a proximal section (1 02, 1 76), a middle section 
(106, 174) and a distal end section (104, 172), 

b) a coil (1 1 2, 1 48, 1 88) covering at least a por- 
tion of said distal end section and bonded to 
said end section distally with an adhesive, 

c) a tubular super-elastic alloy braid (132, 146, 
1 58, 1 78) covering at least a portion of said mid- 



dle section and fastened to said wire core by 
incomplete interfacial bonding with an adhe- 
sive, and 

d) a polymeric layer (116, 134, 150, 159) cov- 
5 ering extending at least over said middle sec- 

tion and said distal end section. 

2. The guidewire of claim 1 , wherein said incomplete 
interfacial bonding comprises adhesive bonds in 

10 more than two locations. 

3. The guidewire of claim 1 or claim 2, wherein the 
core comprises a super-elastic alloy. 

is 4. The guidewire of claim 1 or claim 2, wherein the 
core comprises a stainless steel. 

5. The guidewire of claim 1 or claim 2, wherein at least 
the middle section comprises a super-elastic alloy. 

20 

6. The guidewire of claim 1 or claim 2, wherein at least 
the middle section comprises a stainless steel. 

7. The guidewire of claim 1 or claim 2, wherein at least 
25 the distal end section comprises a super-elastic al- 
loy. 

8. The guidewire of claim 1 or claim 2, wherein at least 
the distal end section comprises a stainless steel. 

30 

9. The guidewire of any one of the preceding claims, 
wherein the coil comprises a super-elastic alloy. 

10. The guidewire of any one of claims 3, 5, 7 and 9, 
35 wherein the super-elastic alloy of said wire core 

and/or said coil comprises nickel and titanium. 

11. The guidewire of any one of claims 1 to 8, wherein 
the coil comprises a stainless steel. 

40 

12. The guidewire of any one of the preceding claims, 
wherein the super-elastic tubular braid comprises a 
nickel and titanium alloy. 

45 13. The guidewire of any one of the preceding claims, 
wherein the adhesive comprises an epoxy. 

14. The guidewire of any one of the preceding claims, 
wherein the polymeric layer comprises at least one 

50 of NYLON, polyethylene, polystyrene, poly- 
urethane, and polyethylene terephthalate. 

15. The guidewire of claim 14, wherein the layer com- 
prises polyethylene terephthalate or polyurethane. 

55 

16. The guidewire of claim 15, wherein the layer is poly- 
urethane. 
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17. The guidewire of any one of the preceding claims, 
wherein at least a portion of the polymeric layer is 
coated with a lubricious polymeric material. 

18. The guidewire of claim 17, wherein the lubricious 
polymeric material comprises at least one hy- 
drophilic polymer. 

19. The guidewire of any one of the preceding claims, 
wherein the polymeric layer comprises a radio- 
opaque material selected from barium sulfate, bis- 
muth trioxide, bismuth carbonate, tungsten, and 
tantalum. 

20. The guidewire of any one of the preceding claims, 
wherein the guidewire additionally comprises an at- 
raumatic distal tip (110) comprising epoxy. 

21 . The guidewire of claim 1 3, wherein the epoxy com- 
prises a high-temperature bis-A epichlorohydrin 
epoxide resin and polyamine-polyamide hardener. 

22. The guidewire of any one of the preceding claims, 
additionally comprising a catheter sheath. 



Patentanspruche 

1. Ein Fuhrdungsdraht (100, 106, 140), geeignetzum 
Fuhren eines Katheters in einem Korperlumen, be- 
stehend aus: 

a) einem verlangerten, flexiblen Drahtkern 
(130) mit einem proximalen Abschnitt (102, 
1 76), einem mittleren Abschnitt (1 06, 1 74) und 
einem distalen Endabschnitt (104, 172), 

b) eine Wicklung (112, 148, 188), bedeckend 
mindestens einen Teil des distalen Endab- 
schnittes und mittels eines Klebstoffes distal 
mit dem Endabschnitt verbunden, 

c) ein Schlauchgeflecht (132, 146, 158, 178) 
aus superelastischer Legierung, bedeckend 
mindestens einen Teil des mittleren Abschnit- 
tes und mit dem Drahtkern mittels eines Kleb- 
stoffes durch unvollstandige Grenzfiachenver- 
bindung verbunden, und 

d) eine Polymerschicht (116, 134, 150, 159), 
bedeckend mindestens den mittleren Abschnitt 
und den distalen Endabschnitt. 

2. Der Fuhrungsdraht nach Anspruch 1, bei dem die 
unvollstandige Grenzflachenverbindung Klebebin- 
dungen an mehr als zwei Stellen beinhaltet. 

3. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
2, bei dem der Kern eine superelastische Legierung 
beinhaltet. 



4. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
2, bei dem der Kern einen Edelstahl beinhaltet. 

5. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
5 2, bei dem mindestens der mittlere Abschnitt eine 

superelastische Legierung beinhaltet. 

6. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
2, bei dem mindestens der mittlere Abschnitt einen 

10 Edelstahl beinhaltet. 

7. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
2, bei dem mindestens der distale Endabschnitt ei- 
ne superelastische Legierung beinhaltet. 

15 

8. Der Fuhrungsdraht nach Anspruch 1 oder Anspruch 
2, bei dem mindestens der distale Endabschnitt ei- 
nen Edelstahl beinhaltet. 

20 9. Der Fuhrungsdraht nach einem der vorhergehen- 
den Ansprtiche, bei dem die Wicklung eine supere- 
lastische Legierung beinhaltet. 

10. Der Fuhrungsdraht nach einem der Ansprtiche 3, 
25 5 t 7 und 9, bei dem die superelastische Legierung 

des Drahtkernes und/oder der Wicklung Nickel und 
Titan beinhaltet. 

11. Der Fuhrungsdraht nach einem der vorhergehen- 
30 den Ansprtiche 1 bis 8, bei dem die Wicklung einen 

Edelstahl beinhaltet. 

12. Der Fuhrungsdraht nach einem der vorhergehen- 
den Ansprtiche, bei dem das superelastische 

35 Schlauchgeflecht eine Nickel- und Titan legierung 
beinhaltet. 

13. Der Fuhrungsdraht nach einem der vorhergehen- 
den Ansprtiche, bei dem der Kiebstoff ein Epoxid- 

^0 harz beinhaltet. 

14. Der Fuhrungsdraht nach einem der vorhergehen- 
den Ansprtiche, bei dem die Polymerschicht min- 
destens einen der Stoffe NYLON, Polyethylen, Po- 

45 lystyren, Polyurethan und Polyethylenterephthalat 
beinhaltet. 

15. Der Fuhrungsdraht nach Anspruch 14, bei dem die 
Schicht Polyethylenterephthalat oder Polyurethan 

so beinhaltet. 

16. Der Fuhrungsdraht nach Anspruch 15, bei der die 
Schicht Polyurethan ist. 

55 17. Der Fuhrungsdraht nach einem der vorhergehen- 
den Ansprtiche, bei dem mindestens ein Teil der 
Polymerschicht mit einem gleitfahigen Polymerma- 
terial beschichtet ist. 
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18. Der Fuhrungsdraht nach Anspruch 17, bei dem das 
gleitfahige Polymermaterial mindestens ein was- 
serbindendes Polymer beinhaltet. 

19. Der Fuhrungsdraht nach einem der vorhergehen- 
den Anspruche, bei dem die Polymerschicht ein ra- 
diopaques Material, ausgewahlt aus Bariumsulfat, 
Wismuttrioxid, Wismutkarbonat, Wolfram und Tan- 
tal, beinhaltet. 

20. Der Fuhrungsdraht nach einem der vorhergehen- 
den Anspruche, bei dem der Fuhrungsdraht des 
weiteren eine Epoxidharz beinhaltende atraumati- 
sche distale Spitze (110) beinhaltet. 

21 . Der Fuhrungsdraht nach Anspruch 1 3, bei dem das 
Epoxidharz ein Hochtemperatur Bis-A-Epichlorhy- 
drin-Epoxidharz und Polyamin-Polyamid-Harter 
beinhaltet. 

22. Der Fuhrungsdraht nach einem der vorstehenden 
Anspruche, des weiteren eine Kathetherhulle bein- 
haltend. 



Revendications 

1. Fil de guidage (100, 106, 140) approprie pour gui- 
der un catheter a I'interieur d'un conduit corporel, 
comprenant : 

a) un coeur de fil flexible allonge (1 30) compor- 
tant une section proximate (1 02, 1 76), une sec- 
tion mediane (106, 174) et une section d'extre- 
mite distale (104, 172), 

b) un serpentin (112, 148, 188) recouvrant au 
moins une partie de ladite section d'extremite 
distale et fix6 a ladite section d'extremite de fa- 
con distale a I'aide d'un adhesif, 

c) unetresseen alliage superelastique tubulai- 
re (132, 146, 158, 178) recouvrant au moins 
une partie de ladite section mediane et fix6e 
audit coeur de fil par fixation interfaciale incom- 
plete a I'aide d'un adhesif, et 

d) une couche polymere (116, 134, 150, 159) 
de revetement s'etendant au moins sur ladite 
section mediane et ladite section d'extremite 
distale. 

2. Fil de guidage selon la revendication 1 , dans lequel 
ladite fixation interfaciale incomplete comprend des 
liaisons adhesives en plus de deux emplacements. 

3. Fil de guidage selon la revendication 1 ou la reven- 
dication 2, dans lequel lecoeurcomprend un alliage 
superelastique. 

4. Fil de guidage selon la revendication 1 ou la reven- 



dication 2, dans lequel le coeur comprend un acier 
inoxydable. 

5. Fil de guidage selon la revendication 1 ou la reven- 
5 dication 2, dans lequel au moins la section mediane 

comprend un alliage superelastique. 

6. Fil de guidage selon la revendication 1 ou la reven- 
dication 2, dans lequel au moins la section mediane 

10 comprend un acier inoxydable. 

7. Fil de guidage selon la revendication 1 ou la reven- 
dication 2, dans lequel au moins la section d'extre- 
mite distale comprend un alliage superelastique. 

15 

8. Fil de guidage selon la revendication 1 ou la reven- 
dication 2, dans lequel au moins la section d'extre- 
mite distale comprend un acier inoxydable. 

20 9. Fil de guidage selon Tune quelconque des revendi- 
cations precedentes, dans lequel le serpentin com- 
prend un alliage superelastique. 

10. Fil de guidage selon Tune quelconque des revendi- 
25 cations 3, 5, 7 et 9, dans lequel Palliage superelas- 
tique dudit coeur de fil et/ou dudit serpentin com- 
prend du nickel et du titane. 

11. Fil de guidage selon Tune quelconque des revendi- 
30 cations 1 a 8, dans lequel le serpentin comprend un 

acier inoxydable. 

12. Fil de guidage selon I'une quelconque des revendi- 
cations precedentes, dans lequel la tresse tubulaire 

35 superelastique comprend un alliage de nickel et de 
titane. 

13. Fil de guidage selon I'une quelconque des revendi- 
cations precedentes, dans lequel I'adhesif com- 

40 prend un epoxy. 

14. Fil de guidage selon I'une quelconque des revendi- 
cations precedentes, dans lequel la couche poly- 
mere comprend I'un parmi le NYLON, le polyethy- 

45 lene, le polystyrene, le polyurethanne, et le poly(te- 
rephtalate d'ethylene). 

15. Fil de guidage selon la revendication 14, dans le- 
quel la couche comprend du poly(terephtalate 

50 d'ethylene) ou du polyurethanne. 

16. Fil de guidage selon la revendication 15, dans le- 
quel la couche est du polyurethanne. 

55 17. Fil de guidage selon I'une quelconque des revendi- 
cations precedentes, dans lequel au moins une par- 
tie de la couche polymere est revetue d'un materiau 
polymere lubrifiant. 
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18. Fil de guidage selon la revendication 17, dans le- 
quel le materiau polymere lubrifiant comprend au 
moins un polymere hydrophile. 

19. Fil de guidage selon Tune quelconque des revendi- 5 
cations precedentes, dans lequel la couche poly- 
mere comprend un materiau radio-opaque selec- 
tionneparmi le sulfate debaryum, letrioxyde debls- 
muth, le carbonate de bismuth, le tungstene et le 
tantale. w 

20. Fil de guidage selon Tune quelconque des revendi- 
cations precedentes, dans lequel le fil de guidage 
comprend de plus une pointe distale atraumatique 
(110) comprenant de I'epoxy. « 

21. Fil de guidage selon la revendication 13, dans le- 
quel I'epoxy comprend une resine bis-A epichloro- 
hydrine epoxide a haute temperature et un durcis- 
sant polyamine-polyamide. 20 

22. Fil de guidage selon Tune quelconque des revendi- 
cations precedentes, comprenant de plus un man- 
chon de catheter. 

25 
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